Introduction
Copaifera multijuga Hayne, Fabaceae, is one of the most used medicinal plants in Brazil (Veiga-Júnior and Pinto, 2002) . The oleoresin extracted from its trunk, the Copaiba oil, can be found in almost all fairs, and herbal and natural products popular markets nationwide (Maciel et al., 2002) .
Phytochemical studies showed that C. multijuga oil contains fatty acids (palmitic and linoleic acids) and mixtures of sesquiterpenes (Craveiro et al., 1978) . The sesquiterpene caryophyllene have been shown to be the main component, and it is the most used biomarker to authenticate this plant (Soares et al., 2003) .
The popular use of Copaiba oil as an anti-inflammatory and healing agent is reported since the sixteenth century and occurs in all regions of Brazil. The oil or its ointments are administered orally or topically (Maciel et al., 2002) . Pharmacologically, Copaiba oil has been shown to elicit antiinflammatory (Carvalho et al., 2005; Veiga-Júnior et al., 2007) , antitumor (Lima et al., 2003) , antimicrobial (Tincusi et al., 2002; Santos et al., 2008) and antinociceptive activities (Gomes et al., 2007) .
However, the use of medicinal plants and their components may exert adverse effects (Reboredo et al., 2007) , thus characterizing a serious problem of public health. These adverse effects, as well as the possible synergistic action with other drugs, are quite common. Toxicological tests assess the effects of the treatment on many organs (Barnes and Dourson, 1998) , as well as the influence of the treatment on reproduction (Clark, 1993) . These parameters are used to characterize doseresponse relationships, and help choose the doses used in studies of chronic exposure to certain substances (Barnes and Dourson, 1998) .
The male reproductive system is very sensitive to the action of harmful factors, and the exposure to certain agents can cause changes in these organs, impairing the reproductive competence of the individual (Reboredo et al., 2007) . The action of a toxic agent can interfere with sexual maturation, the production and transport of gametes, the spermatogenic cycle, the sexual behavior and/or fertility (Kimmel et al., 1995) .
Taking into consideration the popular use and great commercialization of Copaiba oil, and the lack of information regarding its reproductive toxicity, this study aims to evaluate the effects of the treatment with C. multijuga oil on the male reproductive system of rats subjected to oral treatment for eight weeks, as well as on the postnatal development of their offspring.
Materials and methods

Plant material
The plant specimens of Copaifera multijuga, Hayne, Fabaceae, were collected from their natural habitat, in the Amazonian region (Nhamundá-AM), Brazil (S 02°11'09" W 56°42'46") in April, 2009 . A voucher specimen of the plant was identified by botanist Ramos, J.F. and deposited at the Instituto Nacional de Pesquisas da Amazônia herbarium, under the number 233154/2009. The C. multijuga Hayne oil was provided by Pronatus, Manaus-AM, Brazil. The density of this oil (0.9945 g/ml) was determined to calculate the volume administered to the animals. 
Animals
Chemical analysis of the Copaifera multijuga fingerprint
The analysis of C. multijuga was performed on a gas chromatograph (Agilent 7890A) coupled to a mass spectrometer (Agilent 5975C MSD) equipped with a 5% Phenyl Methyl Siloxane column (30 m × 250 µm × 0.25 µm, Agilent HP -5MS). The carrier gas used was helium at a constant flow of 1 ml/min. The initial temperature of the oven was 40°C (maintained for 1 min) and it was increased to 105°C at a rate of 50°C/min, then increased to 150°C at a rate of 1.5°C/min, and finally raised to 280°C at a rate of 30°C/min. The column was maintained at the final temperature for 10 min to ensure the elution of all components. The injector was maintained at 270°C and used in the 1:50 Split. The ionization source was preserved at 230°C and the ionization potential was 70 eV. The retention indices (RI) were determined for the oil components by co-injection of the sample with a homologous series of linear hydrocarbons (C8 to C30) and subsequent application of Van den Dool and Kratz equation (1963) . The constituents were initially identified by comparing the calculated RI to those published in the literature (Adams, 2007) . Their identities were confirmed by comparing the mass spectra obtained with those found in NIST, Adams, MassFinder4, GC/MS libraries and other literature.
Chronic treatment and reproductive performance
Adult naïve male rats were randomly divided into four groups (n = 5/group) and then treated by oral route with C. multijuga (at the doses of 200, 500 or 2500 mg/kg) or water (control) for eight consecutive weeks. During treatment, the body weight was recorded weekly, and food consumption and water intake of the animals were recorded every two days. Animals were observed twice daily for signs of toxicity, such as piloerection, hair loss, diarrhea, changes in locomotor activity, and mortality throughout the experimental period. Animals were kept in individual cages and mated with untreated and fertile females (n = 10/group) in natural estrus (sexually receptive) for five days (male: female ratio, 1:2). The next morning, after the presence of a vaginal plug and sperm in the vaginal smear, were defined as the first gestational day. Pregnant rats were allowed to complete their pregnancy to term. During the pregnancy, rats were closely observed twice a day for survival, changes in appearance, behavior, and signs of vaginal bleeding. The day of parturition was designated as day 1 of postnatal life. On day 4 of postnatal life, litters were culled to seven neonates. In the cases where fewer than seven pups were delivered, additional neonates were fostered from other litters. After birth the following reproductive parameters were analyzed: duration of pregnancy (day), number of live and dead fetuses, the offspring/dam ratio, fertility index (number of pregnant rats/number of mated females × 100), viability index (number of live pups on day 4 of postnatal life/number of live offspring born × 100), and lactation index (number of live pups on day 21 of postnatal life/number of live pups on day 4 of postnatal life × 100). Body weight (g) and length (cm) of the newborn rats were determined on postnatal days 1, 4, 7 and 21. The offspring were closely observed for any external malformation (Silva et al., 2009 ).
Behavioral parameters of offspring
After birth, one third of the offspring from each group was analyzed for the following behavioral parameters: postural reflex, day of eye opening, day of adult walking and spontaneous ambulation. The pups' postural reflexes were evaluated on the first and seventh days of life. The pups were put on a plane surface, in supine position, and the righting reflex was measured in seconds. The day of eye opening was determined by the observation of the partial displacement of the palpebral fissure of at least one eye. It was considered day of adult walking when pups ambulated without dragging the hind feet and without touching the belly on the floor. The spontaneous ambulation was determined on postnatal day 20 using a square measuring 30 × 30 cm and divided into nine equal spaces. The pup was put on the central part and for two minutes the number of invaded squares (when the pup put at least three feet on the square) was recorded (Costa- .
Morphological study
After successful mating, the rats were weighed and euthanized by sodium thiopental overdose (0.140 g/kg, i.p.). Necropsy was made for external macroscopic evaluation of testicles, epididymis, vas deferens and seminal vesicles. These organs were removed and weighed individually. Seminal vesicles and the vas deferens were weighed without fluid. The organ weight was expressed in terms of absolute (g) and relative weight (g/100 g of body weight). For microscopic analysis, these organs were fixed in totum in 10% buffered formalin for 48 h at room temperature; afterwards, each sample was washed with water and immersed in 70% ethanol for 3 to 4 days, and then embedded in paraffin. Paraffin sections of 5 μm were obtained and stained with hematoxylin/eosin (HE), and they were subsequently analyzed using the digital image acquisition system MicroDIP/Kacil ® (Dimech et al., 2006) .
Statistical analysis
Results were expressed as mean value ± standard error of mean (S.E.M). Variances in data for body and relative organ weights and reproductive parameters were checked for homogeneity by Bartlett's method. If the variances were homogeneous, the data were assessed by variance analysis (ANOVA) followed, as necessary, by Newman-Keuls test. When the data could not be assumed to follow a normal distribution, nonparametric Kruskall-Wallis test followed by the Dunn test was performed. The fertility, viability and lactation indexes were compared by Fisher's exact test. A probability level of less than 5% (p < 0.05) was considered statistically significant. All statistical analyses were performed by GraphPad Prism 5.0.
Results
Chemical analysis of the Copaifera multijuga fingerprint
The chemical characterization of C. multijuga oil identified 22 components accounting for 99.11% of total composition (Table  1) . The major compounds identified were sesquiterpenes caryophyllene (51.64%), copaene (8.04%), α-trans-bergamotene (7.57%) and germacrene D (6.22%). The Fig. 1 represents the chromatographic profile of the oil.
Reproductive parameters
During the eight weeks of treatment with C. multijuga (200, 500 or 2500 mg/kg) by oral route, there were no deaths and the treatment did not produce changes in body mass gain, behavioral abnormalities or signs of toxicity in the male rats. Table 2 shows the reproductive parameters obtained from the mating of untreated females and males treated with C. multijuga. There was no significant difference in mass gain and time of pregnancy indicators of the treated groups compared with the control group.
After the birth of the offspring, we did not encounter stillbirths or any fetal malformation, through macroscopic examination of the pups neither from treated groups nor control group, indicating no teratogenic effects externally visible. Moreover, no significant difference was observed in the offspring/dam relationship and in the percentage of dead fetuses.
Fertility, Viability and Lactation indices of the rats treated with C. multijuga were the same as those obtained in the control group. In addition, the exposure of male rats to Copaiba oil did not affect postnatal development of the offspring (Table 2 ). 
Table 2
Reproductive parameters of untreated females rats and their offspring obtained after mating with male Wistar rats treated with Copaifera multijuga oil (Cm 200, 500 or 2500 mg/kg) for eight consecutive weeks.
Behavioral parameters of offspring
There was no significant difference in the average number of pups alive at birth between the control group and those fathered by rats treated with C. multijuga 200, 500 and 2500 mg/kg. Furthermore, no significant difference was observed in the behavioral parameters of pups (postural reflex, day of eye opening, day of adult walking and ambulation) among the groups (Table 3) .
Morphological study
The treatment with C. multijuga did not change absolute and relative weights of testes, epididymis, seminal vesicle and vas deferens (Table 4 ). Fig. 2 shows representative microphotographs of testicular sections from control and treated rats. Microscopic analysis revealed no abnormalities in the testes after treatment with C. multijuga at doses 500 and 2500 mg/kg. The tissue presented normal spermatogenesis, well-preserved sertoli cells and welldelineated peritubular cells in both control (A) and treated groups (B and C). The interstitium were also intact, without inflammatory cell infiltrates.
Discussion
In this study, we tested the effects of the oral treatment with C. multijuga oil on reproductive parameters in male and female Wistar rats. Regarding the chemical constitution of the Copaifera multijuga Hayne, Fabaceae, oil, Craveiro et al. (1978) reported the presence of fatty acids, palmitic and linoleic acids, among others. Veiga-Júnior et al. (1997) identified terpene compounds, and these compounds are mixtures of sesquiterpenes (caryophyllene and β-bisabolene). Similar results were published by Dias et al. (2012) , and in our study, we have also found similar components.
The great complexity of inputs of natural origin led the World Health Organization to consider and accept the chromatographic fingerprint as a more robust way to analyze the quality of natural products, focusing on the qualitative and systematic comparison of individual peaks in different samples. It facilitates the repeatability and credibility of pharmacological and toxicological properties of natural products (WHO, 1991) .
The treatment of males before mating and conception may result in infertility, embryonic death and non-specific anomalies of the offspring, as well as a reduced birth weight, 
Table 3
Behavioral parameters of the offspring of untreated females rats obtained after the mating with male Wistar rats treated with Copaifera multijuga oil (Cm 200, 500 or 2500 mg/kg) for eight consecutive weeks.
Table 4
Effect of the oral treatment with Copaifera multijuga oil (Cm 200, 500 or 2500 mg/kg) for eight consecutive weeks on the mass (absolute and relative) of accessory genital organs from male Wistar rats. decreased litter size and delayed postnatal development. The characteristics of the fetus and its development capability and maturity are expressions of the fertilizing capacity of gametes, successful conception and subsequent intrauterine development. The reproductive toxic effect of plant-derived compounds may be also evaluated by changes in the weight of the male reproductive organs. The weight loss of the gonads, epididymis or sexual accessory glands may decrease the production of sperm and it is considered a standard criterion for the characterization of toxic agents (Reboredo et al., 2007) . The spermatogenesis can be reduced by discontinuation of standard divisions of stem cells, degeneration and phagocytosis of cells of germinal tissue, delayed spermatogenesis and sloughing of germ cells, which may occur alone or in combination in the testicular parenchyma by hormonal deprivation or toxic effects exerted by chemicals (Moura et al., 2006) . Moreover, the pregnancy index reflects the ability of the male to fertilize the female (Gupta et al., 2001 ). In our study, there was no difference in all these parameters among the groups. Moreover, the histological analysis of the testes revealed that the pattern of organization of the seminiferous epithelium presented no obvious changes and that the overall morphology was maintained normal in the treated groups. The perinatal and postnatal development potential depends on the subjects and their ability to meet varied environmental conditions (Hollenbach et al., 2010) . There is a need for longitudinal studies concerning the reproductive toxicology covering not only structural but also functional changes, such as the development of physical characteristics from the first days of life and even animal behavior (Hollenbach et al., 2010) . According to Peters and Guerra (1995) , a normal postnatal development is generally observed when the percentage of surviving newborns and their growth are similar to those obtained in control animals. In our study, these parameters were not altered by the treatment with C. multijuga. Additionally, the behavioral parameters were used to assess possible deleterious actions of C. multijuga on neurological and behavioral development of the offspring. The results are suggestive that the administration of C. multijuga in males for eight weeks did not alter the development of their offspring.
Taken together, these results shows that the oral treatment with C. multijuga oil for eight weeks at the doses of 200, 500 or 2500 mg/ml induces no toxic effects in the male reproductive system, in the animals' fertility nor in their offspring development, which suggests no toxic effects on the reproductive performance of the animals.
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